Introduction of flexibility and intelligence in the wireless devices and applications have introduced the concept of Cognitive Radio. This research objective has inspired various research activities on going which included the decision making aspects. In this paper, a decision making process in cognitive radio is analyzed using fuzzy logic system, in which secondary user can use the spectrum effectively. We have selected three descriptive factors for choosing the proper secondary unlicensed user -velocity of the secondary user, spectrum to be utilized by secondary user and distance of the secondary user from primary user. The efficiency of the decision making process in cognitive radios is analyzed. Based on linguistic knowledge 27 rules are set up. The output of the fuzzy logic system gives the probability of the decision based on the three descriptive factors. We show how fuzzy logic system can be used for decision making operation in cognitive radio.
INTRODUCTION
In past few years researchers have studied how the wireless devices can be used in dynamic and partially known envoirnments. This has lead to new research field named Cognitive Radio, a term introduced by Joseph Mitola [1] . Main functions of the Cognitive Radio are spectrum sensing, spectrum mobility, spectrum sharing and optimization of the resources. With these functions a model is proposed where an unlicensed user can utilize available licensed spectrum in dynamic manner depending on the possibility of access based on external parameters. Different researches are in progress and ways are being found to efficiently utilize the available licensed spectrum. One of the ways is the use of "Cognitive Radio", according to this; the already licensed spectrum can be used more efficiently by introducing artificial intelligence, the decision-making to be specific, in the radio. This enables the radio to learn from its environment, considering certain parameters. Based on this knowledge the radio can actively exploit the possible empty frequencies in the licensed band of the spectrum that can then be assigned to other processes in such a way that they don't cause any interference to the frequency band that is already in use. This makes the efficient usage of the available licensed spectrum possible.
Fuzzy Logic was initiated in 1965 [2, 3, 4] by Lotfi A. Zadeh , professor for computer science at the University of California in Berkeley. Basically, Fuzzy Logic (FL) is a multivalued logic that allows intermediate values to be defined between conventional evaluations like true/false, yes/no, high/low, etc. We note that Fuzzy Logic has been already proposed for use in the context of telecommunication system, e.g., for QoS routing in wired networks [5] , route caching decisions in wireless adhoc networks [6] , radio resource management [7] and channel selection in cellular networks [8] . An interesting survey on the usage of Fuzzy Logic techniques in the telecommunication field can be found in [9] . In fuzzy logic system, knowledge of a restricted domain is captured in the form of linguistic rules. Relationships between two goals are defined using fuzzy inclusion and non-inclusion between the supporting and hindering sets of the corresponding goals [10] . Fuzzy Logic has been successfully applied in various areas pertaining to wireless communication systems. As fuzzy logic is used to model systems and situations, taking into consideration uncertainty and ambiguity, it can be an efficient tool to be utilized in problems for which knowledge of all factors is insufficient or impossible to obtain.
The contents of the paper are as follows: Section II gives as overview of Cognitive Radio Technology; Section III describes some concepts about Fuzzy Logic System, Section IV we show the proposed model of our study. Section V gives the simulation results. Section VI presents the conclusions.
COGNITIVE RADIO TECHNOLOGY
A cognitive radio is a new technology that can intelligently adapt its behavior or operational characteristics in response to changes in the radio system's internal state or external environment. This ability to adapt promises a range of functional capabilities, including making the radio system more personal as conceptualized by Mitola [11] . The conservation of the spectrum is a priority in international regulatory planning since then. FCC found the spectrum utility of 55-95% below a spectrum of 1 GHz [12] . SSC (Shared Spectrum Company) reported the maximum occupancy of 13.1% [13] . By sensing and adapting to the environment a cognitive radio is able to fill the spectrum holes and serve's its users without causing harmful interference to the licensed users [14] .
Cognitive radio uses the spectrum effectively by the four main steps [15] :
1. Spectrum Sensing: It refers to detect the unused spectrum and sharing it without harmful interference with other users. It is an important requirement of the Cognitive Radio network to sense spectrum holes, detecting primary users is the most efficient way to detect spectrum holes.
Spectrum Management:
It is the task of capturing the best available spectrum to meet user communication requirements.
Spectrum Mobility:
It is defined as the process where the cognitive user exchanges its frequency of operation 4. Spectrum Sharing: This refers to providing a fair spectrum scheduling method among the users. Sharing is the major challenge in the open spectrum usage.
Cognitive Radio adopts the Opportunistic Spectrum Sharing approach [16] , which allows the SUs to coexist with Primary Users (PUs) who are the legacy spectrum holders. PUs has provision to access communication channels at any time [17] . SUs need to sense the radio environment, and opportunistically utilize available spectrum. Meanwhile, they need to adapt to local behaviors of PUs and vacate the spectrum immediately when the presence of primary users is detected [18] .
The design of cognitive radio is very challenging due to complexity, modularity, information imprecision and interpretability issues. Fuzzy logic system is chosen for the decision making because it is very much suited for non linear, imprecision and multivalued problems as it is capable of making real time decisions.
FUZZY LOGIC
A very brief overview of fuzzy logic is provided here, mentioning the concepts of fuzzy sets, fuzzy logic inference and fuzzy control system. The purpose of this overview is to help reader get familiar with fuzzy logic.
Fuzzy Logic is convenient way to map input space to output space. It is a multivalued logic that allows intermediate values to be defined between conventional evaluations like true/false, yes/no, high/low etc.
Fuzzy Sets -In fuzzy logic, each object x can be labeled by a linguistic term, where a linguistic term is a word such as "small", "medium", "large", etc so that x is defined as a linguistic variable. Each linguistic variable is associated with a term F(x), which is the set of names of linguistic values of x. Each element in F(x) is a fuzzy set.
Membership functions -The membership function is a graphical representation of the magnitude of participation of each input. It associates a weighting with each of the inputs that are processed, define functional overlap between inputs, and ultimately determines an output response. The rules use the input membership values as weighting factors to determine their influence on the fuzzy output sets of the final output conclusion.
If X is a collection of objects denoted generally by x, then a fuzzy set A in X is defined as a set of ordered pairs:
where µ A is called the membership function (MF) for the fuzzy set A. The MF maps each element of X to a membership grade (membership value) between 0 and 1. Usually X is referred to as the universe of discourse, or simply the universe and it may consist of discrete (ordered or nonordered) objects or continuous space [19] . To implement a decision making processes, fuzzy logic makes use of the so called Fuzzy Logic Controllers (FLCs). The essential part of the FLC is a set of linguistic control rules based on expert knowledge in the form:
IF (a set of conditions are satisfied) THEN (a set of consequences can be inferred)
Linguistic rules describing the control system consist of two part; an antecedent block (between the IF and THEN) and a consequent block (following THEN). Depending on the system, it may not be necessary to evaluate every possible input combination, since some may rarely or never occur. The inputs are combined logically using the AND operator to produce output response values for all expected inputs. The active conclusions are then combined into a logical sum for each membership function. A firing strength for each output membership function is computed. All that remains is to combine these logical sums in a defuzzification process to produce the crisp output.
A general FLC consists of four modules: a fuzzy rule base, a fuzzy inference engine and a fuzzification /defuzzification module. A FLC operates by repeating a cycle of five steps implemented by these four modules. First, measurements are taken of all variables that represent relevant conditions of the controlled process. Next, these measurements are converted into appropriate fuzzy sets to express measurement uncertainties. This step is called fuzzification. The fuzzified measurements are then used by the inference engine to evaluate control rules stored in the fuzzy rule base. The reasoning (Inference) is to select the most appropriate rule at a certain condition. The result of this evaluation is a fuzzy set (or several fuzzy sets) defined on the universe of discourse of possible actions. This fuzzy set is the converted, in the final step of the cycle, into a crisp value (or a vector of values). This conversion is called defuzzification. The defuzzified values represent actions taken by the FLC in individual control cycles [20, 21] .
The fuzzy outputs for all rules are finally aggregated to one fuzzy set. To obtain a crisp decision from this fuzzy output, we have to defuzzify the fuzzy set, or the set of singletons. Therefore we have to choose one representative value as the final output. Rules can be solved in parallel in hardware, or sequentially in software. The results of all the rules that have fired are "defuzzified" to a crisp value by one of of several methods. There are dozens in theory, each with various advantages and drawbacks. The "centroid" method is very popular, in which the "center of mass" of the result provides the crisp value. (2) We recognize that equation above can be represented in a 4D surface. Since it is impossible to plot visually, we fix one of the three factors.
PROPOSED MODEL
In the proposed model of the study for selecting the best suitable secondary user to access the spectrum, the determining parameters which are considered are: velocity of the secondary user, spectrum to be utilized by the secondary user and distance of the secondary user from the primary user. Velocity (Mobility) is an important parameter because more will be the chances of secondary user to change the position. It will cause Doppler Effect. Distance of the secondary user is another important factor because secondary user at a closer distance should be given priority to access spectrum, which depends upon the SNR, γ s , at the secondary user given by, γ s = 10 log((P 1 g(R))/ σ 2 )
where P 1 is the transmit power user, σ is the noise power and R is the distance between the primary and the secondary user which can be calculated from the given formula. PHY Layer could exploit knowledge of modulation and coding schemes being used to translate SNR measurements in dB into more abstract fuzzy attributes bad or good. The result of this fuzzification is that the fuzzy SNR good or bad characterization can be correctly interpreted even without explicit knowledge regarding modulation and coding, since we can rely on the fact that they have been taken into account for the fuzzification process.
The third factor is the ratio of the required spectrum to the available spectrum which gives spectrum efficiency given by, η s =(BW S /BW a ) * 100 %
where BW s is the required spectrum and BW a is the available spectrum. Table 1 shows the rules corresponding to the parameters used for decision making operation.
This research paper focuses on the spectrum management and mobility issues in the cognitive radio with an assumption that the sensing information is provided as an input either from the radio environment or the secondary user itself specifies the QoS requirements specifications to the radio.
The cognitive radio receives the RF environment at its receiver and involves itself in the decision making process to accommodate the new user requesting the spectrum allocation. 
SIMULATION RESULTS
We have modeled the system using Fuzzy logic toolbox in Matlab 7.9. The three descriptors are used as the inputs to the system and the opportunistic spectrum access decision possibility is the output of the system.
The descriptive linguistic variables of velocity and the spectrum to be utilized by the secondary user are divided into three levels i.e. low, medium and high, while the distance is divided into near, medium and far From the simulation results, it shows that the chance of decision is affected by the distance of the secondary user and the primary user. The less the distance, the more the probability of the decision. It also depends on the velocity of the secondary user. The more the velocity, the more is the probability for the secondary user to have access to the spectrum.
CONCLUSION
Fuzzy Logic provides a different way to approach a control or classification problem. Fuzzy approach requires a sufficient expert knowledge for the formulation of the rule base, the combination of the sets and the defuzzification. The employment of fuzzy logic might be helpful, for very complex processes, when there is no mathematical model for highly non-linear processes or if the processing of expert knowledge is to be performed. The results show that the chance of decision increases if the distance between licensed and unlicensed user is low and velocity of the secondary user is more. The decision making operation will enable the cognitive radio access the spectrum opportunistically which will in turn improve spectrum utilization. It is important to investigate some solutions to prevent some users from using spectrum ineffectively and solve the mobility management problem in order to keep a high QoS of Cognitive Radio.
